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When genetically diverse mice or rats are  joined in surgical parabiosis,  a 
lethal wasting syndrome known as parabiosis intoxication (1) often appears in 
one member of the parabiosis pair. This syndrome, involving anemia, weight 
loss,  hunched posture,  ruffled fur, cachexia, and early death, also frequently 
develops in F1 hybrid mice when they are placed in parabiotic union with mice 
of one of their parental strains. The parental strain partners show a  relative 
polycythemia and usually remain clinically healthy until the terminal stages 
of the process.  Anemia-polycythemia is the result of a  shift of red cell mass 
from the hybrid mice to their parental strain partners (2). 
Several investigators have pointed out the  clinical similarity between  the 
animal suffering from homologous disease  (3)  and the intoxicated FI hybrid 
parabiont, and it has been suggested that "wasting" disease in F1 hybrids in- 
jected  with parental  strain  lymphoid cells  and parabiosis  intoxication have 
similar etiologies (4-6).  Supporting this concept is the claim that parabiotic 
incompatibility in mice is most commonly found when the partners differ at 
the H-2  locus (7).  On the other hand, Hall and Hall (8)  suggested that the 
anemia  which  is  invariably present  in  the  intoxicated parabiont  is  in itself 
sufficient to cause the intoxication syndrome, and these investigators felt that 
immune mechanisms do not play an important role in the production of intoxi- 
cation. A previous study from this laboratory (9), of which this work is an ex- 
tension, did not provide conclusive evidence on this problem. 
In the experiments to be reported here, we have joined FI hybrid mice with 
members of one of their parental strains in order to obtain a  unidirectional 
immune response between the partners. It is well known that Fa hybrid mice 
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will not reject tissue grafts from their parental strains, whereas parental strain 
mice  reject hybrid  tissues  when  the  two parental  strain  components of the 
hybrid are sufficiently  diverse.  Using  strains  of mice in  which  parent-hybrid 
parabiosis always results in intoxication of the hybrid partners, we investigated 
the role of immunological  mechanisms  in intoxication by utilizing  various pro- 
cedures designed  to either  decrease or increase  the immunological  reactivity 
of one or both parabiosis partners.  We employed three methods designed  to 
render the parental strain mice unable to react immunologically against their 
hybrid partners. These methods were lethal x-irradiation of the parental strain 
partners 1 to 24 hours prior to union, induction of specific tolerance in parental 
strain  mice  by irradiation  and  intravenous infusion of hybrid spleen cells 6 
weeks prior to union,  and neonatal thymectomy of the future parental strain 
partners.  An additional group was prepared in which both partners had been 
neonatally thymectomized. We investigated the effect of increased  immuno- 
logical reactivity in the parental strain partners by preimmunizing  the parental 
strain mice against the foreign component of the hybrid 4 weeks prior to union. 
The results of these experiments will demonstrate that  the anemia in the F1 
hybrid partners  is primarily responsible  for the intoxication syndrome, sup- 
porting the conclusion reached by Hall and Hall working  with rats (8). But it 
will also be shown that an immune mechanism is in turn responsible  for the 
major  component  of  anemia-polycythemia  which  accompanies  intoxication, 
and  that  the late phase of anemia-polycythemia can be used as an assay of 
immunological  reactivity. In addition,  data will be presented  demonstrating 
that the immunological  deficit of parental strain mice thymectomized at birth 
can be restored by parabiosis with a normal hybrid partner but not by para- 
biosis with a thymectomized hybrid partner. 
Materials and Methods 
M/ce.--Highly inbred mice of the A strain and F1 hybrid mice resulting from the cross 
between individuals of the A and the C57BI/1  strainshave been used for all experiments.  The 
A and the C57B1/1 strains of mice have been maintained in our colony by strict brother-sister 
mating since 1956, and are directly descended from the inbred colony of the late Dr. J. J. 
Bittner. All mice used for parabiosis were between 1~,~ and 3 months of age. Parabiotic partners 
were of the same sex, and at the time of union did not differ in weight by more than 2 gin. 
Parabiosis.--The technique of parabiotic union was essentially that of Bunster and Meyer 
(10). After nembutal anesthesia, the animals were placed parallel to each other, and lateral 
incisions were made of the skin extending from the base of the ear to the proximal insertion 
of the femur. To obtain confluence of the coelomic cavities, an additional incision including 
the peritoneum and abdominal musculature was made extending from the lower edge of the 
last rib to the iliac crest. The peritonea and muscle layers were sutured together with surgical 
5-0 catgut, and the skin of the two animals joined with 11 mm wound clips. No bandages or 
dressings of any kind were used. Parabiotic pairs were housed individually  in plastic cages 
with free access to Purina laboratory chow and tap water. 
Skin Grafting.--Grafting of allogeneic  skin was performed by the method employed as a 
routine in this laboratory (11).  Grafts of abdominal skin approximately 2 cm square were HILGARD, CORNELIUS~ DALMASSO~ M.ARTINEZ~ AND  GOOD  569 
rotated 180  ° and sutured onto the back of recipient mice with 5-0 surgical silk. Grafts were 
inspected twice weekly and were considered fully accepted if the grafts had maintained at 
least their original size and if the entire graft was growing hair in a direction opposite to that 
of the hair on the surrounding host skin. 
Ceg Suspo~s/ons.--Spleen  cell suspensions  were prepared by slicing spleens into 5 or 6 
pieces and then expressing the splenic pulp gently from the capsule in a loose fitting Potter- 
Elvehjem tissue homogenizer. All suspensions were prepared in lactate-Ringer's solution and 
were injected within 1 hour of preparation. 
Imrnuniza~ion.--Mice  of the A strain were preimmunized  against the C57B1/1 component 
of the (A X C57B1/1)Ft hybrid by giving them a C57B1/1 skin graft and 4 days later an intra- 
peritoneal injection of 20 million C57BI/1  spleen cells. These A strain mice were used  for 
parabiosis 4 weeks after completion of the immunization procedure. 
Irradi~tion.--Mice  were given total body x-irradiation in a  compartmented lucite con- 
tainer with plywood surround.  The factors were: 220 kv, half value layer 0.89 mm copper, 
15 ma, distance 50 cm, 1.0 mm aluminum plus 0.25 mm copper filtration. The dosage in air 
was 600 or 700 roentgens. The calculated tissue dosage was 875 and 1020 r respectively. 
Induaion of Tolerarwe.--Mice of the A strain were rendered  specifically tolerant to (A X 
C57B1/1)Ft hybrid antigens by submitting them to total body x-irradiation in a dose of 600 r 
in air followed immediately by an intrav~enous  infusion of 200 million F1 hybrid spleen ceils. 
Two weeks later these mice received  (A X  C57B1/1)F1 hybrid skin grafts. They were used 
for parabiosis 4 weeks after grafting if the grafts had been fully accepted. 
Thymectomy.--Neonatal  thymectomies were performed by the technique  of Dischler and 
Rudali (12) as modified by Sjodin e~ a/. (13). All mice were thymectomized  within 24  hours 
after birth. 
Hernatocrit Determinatior~.--All  mice were bled for hematocrit determinations on days 1, 
5, 8, 12, and 16 after parabiotic union. The blood was obtained by excision of the tip of the 
tail under ether anesthesia,  followed by gently drawing approximately 0.02 cc of blood into 
heparinized capillary tubes. After the blood had been taken, a silk ligature was tied around 
the distal end of the tail to prevent further blood loss. The hematocrit values of syngeneic 
mice in parabiosis declined only very slightly as a result of this procedure (see Table I). 
Statlsgcal Evaluation.--Certain  mean hematocrit differences were compared by the t test. 
RESULTS 
Syngeneic  Parabiosis.--When  either A  to A  or  (A  X  C57BI/1)F1  to  (A  X 
C57B1/1)F1 parabiosis was performed, there were no mean hematocrit differ- 
ences between  the left and right partners from the  1st through  the  16th day 
after union  (Table I). In spite of the absence of mean hematocrit differences 
between the partners, there were six of the twenty-eight pairs in which a hema- 
tocrit difference of 16 or greater was observed on the 5th day after union.  In 
these six pairs the hematocrit differences had  completely disappeared by the 
12th parabiosis day (Table I). None of the twenty-eight pairs had hematocrit 
differences of 5 or greater on days 12 or 16 after union. The combined 2 month 
survival in this group was 21/27  or 78 per cent  (Table II). 
Parent-HybridParabiosis.--When  A strain mice were united to (A X  C57B1/1) 
F1 hybrid partners, all parental strain mice were polycythemic and all hybrids 
anemic on the 5th parabiosls day, and this anemia-polycythemia was sustained 
through  the  16th  day  (Table  III).  Between  the  7th  and  the  12th  days the 570  PARABIOSIS  INTOXICATION 
hybrid partners developed clinical signs of intoxication. No pairs survived be- 
yond the 28th day, and mean survival time was 15 -4-  1.3 days (Table II). It 
was apparent that the hybrid partners had died first, since pairs  were often 
found with the hybrid partner dead and the parental strain mouse still alive. 
TABLE  I 
Hematocrit Values of Syngeneic Mice in Parabiosis at Different  Times 
Following Surgical  Union* 
Days after union 
Group 
5  8  12 
A(left)  48  4-  1.6  46  4-  1.0  47  4-  0.9  46  4-  1.7  45  ±  1.0 
A (right), 10pairs  49  4-  0.6  45  4-  1.6  44  4-  0.8  45  4-  1.1  44  4-  1.8 
Mean  hematocrit  differ-  -1  4-  2.0  1  4-  2.3  3  4-  1.4  1  4-  1.3  1  4-  2.0 
ence~ 
(A X  C57B1/1)F,  (left)  47  4-  0.7  47  4-  1.9  49  4-  0.9  46  4-  1.9  46  4-  1.2 
(A  X  C57BI/1)Fa  (right),  49  4-  0.7  46  4-  1.7  47  ±  1.0  46  4-  2.0  46  4-  1.1 
17 pairs 
Mean  hematocrit  differ-  --2  4-  1.0  1  4-  3.3  2  4-  1.3  0  4-  1.1  0  4-  0.6 
ence~ 
Syngeneicpairsshowinga  48  4-  1.5  55  4-  1.2  51  4-  1.8  44  4-  2.7  44  4-  1.9 
day  5  hematocrit diff-  47  4-  0.6  35  4-  1.4  45  4-  0.8  44  4-  3.6  43  4-  1.9 
erence§,  6 pairs 
Mean  hematocrit  differ-  1  -4-  2.0  20  4-  1.5  6  4-  1.7  0  4-  1.4  1  4-  1.0 
ence 
* Hematocrit values are 4- sE of mean. 
$ Positive values indicate that  the mean hematocrit of the left partners is greater than 
that of the right partners. 
§ These six syngeneic pairs, selected from the above 2 groups, had hematocrit differences  of 
at least 16 on theSth parabiosisday. Fivepairs are (A X  C57B1/1)Fx united to (A X  C57B1/1) 
F, and one pair is A united to A. Anemia-polycythemia on day 5  favored the right partner 
in three pairs, the left partner in the other three pairs. 
When both mice were found dead there was frequently evidence that the hybrid 
partner had died first and had been dragged about the cage prior to the death 
of its partner. In all parent-hybrid pairs excellent healing of the anastomotic 
site was observed, except that three pairs partially separated at the anterior 
end of the anastomosis where there was the greatest strain on the junctional 
site. 
Preimmunized  Parental  Strain  Partners.--The  fate  of  parabiosis  pairs  in 
which preimmunized A  strain mice were joined to hybrid partners was con- HILGARD~ CORNELIUS~ DALMASSO~ MARTINEZ~ AND  GOOD  571 
siderably  different  from  that  seen  in  the  control  parent-hybrid  group.  The 
mean hematocrit difference between the partners was statistically significantly 
increased (p  <  0.01) on day 5  (Table III), and the hybrid partners developed 
clinical intoxication between the 4th and  the 6th  days after union.  No pairs 
survived beyond the llth day, and the mean survival time was 7 4- 0.3 days. 
The extremely rapid development of anemia-polycythemia can be seen in one 
pair which was bled on both the 5th and the 6th parabiosis days. The hema- 
tocrits of the partners in  this pair were 46 and 44 for the parent and hybrid 
respectively on the 5th day, and because of the absence of anemia-polycythemia 
TABLE  II 
Survival  Data of Mice in Parabiosis 
Parabiosis group 
Syngeneic pairs* 
Normal A with (A X C57B1/1)F1 
A 700 r:~ with (A X C57B1/1)F1 
A tolerant to (A X  C57BI/1)Fl~ with 
(A X  C57B1/1)Ft 
A pre-immune to C57B1/1~: with (A X C57B1/1)Ft 
Thymectomized AS with (A X C57Bl/1)F1 
Thymectomized A with thymectomized 










Survivors  at  Mean  survival 
2 mos.  time 
days + ~g  per ce,a  o/ raean 
21  78  -- 
0  0  15  -4-  1.3 
10  48  -- 
5  24  -- 
0  7±0.3 
0  14  4-  1.6 
0  16  -4- 2.6 
* Combined data for 10 A to A and 17 (A X C57B1/1)F1 to (A X C57B1/1) pairs. 
For methods of x-irradiation, preimmunization, induction of tolerance, and thymectomy, 
see text. 
the pair was bled again on the 6th day when the hematocrit values were found 
to be 64 and  19.  The hybrid partner had  appeared clinically healthy on  the 
5th day, but was obviously intoxicated on the 6th  day.  Death of the hybrid 
partner occurred within 6 hours after the hematocrit determination had been 
performed on the 6th day. 
Lethal X-Irradiation  of Parental Strain Partners.--In  this experiment the A 
strain mice were given 700 r in air 1 to 24 hours prior to union with the hybrids. 
A lethal dose of irradiation was used because it has been shown that irradiation 
severely depresses  graft versus  host  reactions  (14)  and  the  capacity to form 
antibody  (15).  The  irradiated  parental  strain  mice  were  polycythemic and 
their hybrid partners anemic on the 5th day, but this hematocrit difference was 
eliminated  by the  12th  day after union  (Table  III). The  course of anemia- 
polycythemia was strikingly similar to that seen in the syngeneic pairs which 
had shown a  hematocrit difference on day 5. Eight of the original twenty-one 
pairs had died by the 16th day, and we often observed that the parental strain 572  PARABIOSIS INTOXICATION 
partner was the first member of the pair to succumb, most probably as a result 
of the lethal x-irradiation received prior to union.  Eleven pairs were alive  1 
month after parabiosis, and ten of these survived 2 months or more (Table II). 
The protective effect which parabiosis confers upon lethally irradiated animals 
has been previously reported (16,  17) and may be the result of the passage of 
TABLE III 
Hematocrit Values of Parent-Fx Hybrid Parabiotic Mice after Preimmunization, 




(A X  C57B1/1)F1, 20 pairs 
Mean hematocrit difference:~ 
A preimmune  to C57B1/1§ 
(A X  C57B1/1)F,, 20 pairs 
Mean hematocrit difference~ 
A 700 r§ 
(A X  C57B1/1)F1, 21 pairs 
Mean hematocrit difference~ 
A tolerant to (A X  C57B1/1)Fl§ 
(A X  C57B1/1)F1, 21 pairs 
Mean hematocrit difference~ 
Days after union 
1 
52  4- 
50  4- 
24- 
494- 
47  4- 
24- 
50  4- 
494- 
14- 
~9  4- 
~7  4- 
24- 
5 
0.4  59  4- 
0.7  41  4- 
0.6  ]18 4- 
0.6  584- 
0.7  284- 
0.8  304- 
0.8  55  4- 
0.9  31  4- 
O.9  244- 
1.1  544- 
0.6  384- 













8  12 
61  4-  1.6  62  4-  2.7 
33  4-  2.2  35  4-  2.2 
28  4-  3.4  27  4-  4.1 
49  4-  1.3  42  4-  1.6 
39  4-  1.3  41  4-  2.0 
10  4-  1.8  1 4-  1.0 
54  4-  1.2  i6  -4- 2.4 
43  4- 0.7  39  4-  1.9 
11  4-  1.1  7 4-  1.5 
16 
55  4-  3.3 
37  4-  2.7 




50  4-  1.3 
444-2.4 
64-2.4 
* I-Iematocrit values are 4- s~ of mean. 
$ Positive values indicate that the hematocrits of parental strain mice are greater than 
those of their hybrid partners. 
§ For methods of x-irradiation, preimmunization, and induction of tolerance see text. 
lymphoreticular cells  from  the  non-irradiated parabiont  into  the  irradiated 
partner.  None of the FI hybrids united to irradiated parental strain partners 
showed  clinical signs  of intoxication.  We  interpreted  the  absence  of hybrid 
intoxication and  the elimination of anemia-polycythemia by the  12th  day to 
be the result of the establishment of a specifically  tolerant state in the irradiated 
parental strain mice toward their F1 hybrid partners. 
Immunologically  Tolerant Parental Strain Partners.--In order to investigate 
the role of specific immunological tolerance in the previous irradiation experi- HILGA1LD,  CORNELIUS~ DALMASSO, MARTINEZ, AND  GOOD  573 
ment, we rendered A strain mice specifically tolerant to hybrid antigens 6 weeks 
prior to parabiotic union. When these tolerant mice were joined to hybrid part- 
ners, again the early hematocrit differences were present on day 5, but these 
differences decreased steadily through the  16th day, and on days  12 and  16 
were significantly smaller (p  <  0.01)  than those seen in the control parent- 
hybrid group. The hematocrit differences were very similar to those seen in the 
















(A x C57BI/1) F= 
x-irrodioled  A  with 
[Ax57BI/I)F= 
A  toleront  to 
(A xC57BI/I) F  I  with 
(AxC57BI/I) F  I 
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(AxCSBI/II F= 
],,, 
5  8  12 
I 
16 
Thymectomized  A 
with  (AxC57BI/I)F= 
5  8  12  16 
Doys ofter  union 
Thymectomized  A 
with  thymectomized 
(AxC57BI/I}F  I 
5  8  12  16 
FIG. 1.  Mean hematocrit differences  of parent-F1 hybrid parabiotic mice, showing the 
effects of x-irradiation, specific  tolerance, preimmunizafion, and thymectomy of one or both 
partners on the course of anemia-polycythemia.  Positive values indicate that the hematocrits 
of parental strain mice are greater than those of their hybrid partners. For details of experi- 
mental procedure see text. 
group died between the 7th and the 18th days, and the partner dying first was 
usually the tolerant member. Intoxication did not appear in any hybrid part- 
ners. Six pairs survived 1 month, and five of these were alive 2 months after 
parabiotic union (Table II). Thus depression of the late anemia-polycythemia 
and the elimination of intoxication which had first been observed in the irradia- 
tion experiment could be reproduced by the production of a specifically tolerant 
state in the parental strain partners.  It was also apparent that anemia-poly- 
cythemia could be used  as an  index of the  immunological reactivity of the 
parental strain mice against their hybrid partners. 
Neonatally  Thymectomized Parental Strain Partners.--Neonatal thymectomy 
was performed because it has been shown that this procedure in mice depresses 574  PARABIOSIS  INTOXICATION 
graft  versus host  reactivity  (18),  homograft rejection  (19,  20),  and  antibody 
formation to a variety of antigens (20, 21). We, therefore, thought that parabio- 
sis  between  a  thymectomized parental  strain  mouse and  a  normal  F1  hybrid 
partner  might yield results  similar  to those obtained in the previous two  ex- 
periments  in  which  the  common denominator  was immunological  depression 
of  the  parental  strain  mice.  However,  this  was  not  the  case.  Anemia-poly- 
cythemia was seen on day 5 and was sustained  through  the  16th day (Table 
IV). All hybrid partners  developed clinical intoxication and no pairs survived 
TABLE IV 
Hematoerit Values of Parent-F1 Hybrid Parabioti6 Mice after Neonatal Thymectomy 
of One or Both Partners* 
Group 
Thymectomized A 
(A X  C57B1/1)F1, 17 pairs 
Mean hematocrit  difference~ 
Thymectomized A 
Thymectomized  (A  X  C57B1/1) 
F~, 12 pairs 
Mean hematocrit  difference~ 
Days after union 
! 
5  8  12  16  1 
48  ±  0.~ 55  4.  1.6 
48  4.  0.~135 ±  1.6 
I 
] 
0  4.  0.7120 4.  3.0 
45  4.  0.7 53  4.  1.5 
46  4.  0.g38  -4-  1.1 
--1  q-  1.2 15  4.  2.2 
56  4.  1.5 
39  4.  1.8 
17  4.  2.6 
52  ±  2.4 
41  4.  2.0 
11  4-  2.6 
54  q-  2.7 
34  4.  2.4 
20 q-  4.5 
48  4.  2.8 
384.  2.1 
10 -4- 2.4 
46  4.  4.5 
29  +  2.3 
17 -4- 4.9 
39  +  1.6 
36  ±  3.4 
3+1.8 
* Hematocrit values are -4- SE of mean. 
$ Positive values indicate that the hematocrits  of parental  strain  mice are greater  than 
those of their hybrid partners. 
beyond the 24th parabiosis day. The most common finding was that the hybrid 
partner had died first, but there were three pairs in which the thymectomized 
partner was the first to succumb. We felt that one possible explanation of the 
failure of thymectomy to alter intoxication was that the intact thymus of the 
hybrid partner had restored the immunological capacity of the thymectomized 
parental  strain  partner.  We  investigated  this  possibility  by  thymectomizing 
both partners. 
Neonatal  Thymectomy  of Both  Parental Strain  and  Hybrid  Partners.--When 
both partners had been neonatally thymectomized, the early hematocrit differ- 
ence seen on day 5 had been almost entirely eliminated by the 16th parabiosis 
day.  The  hematocrit  differences  at  the  various  days after  union  were  quite 
similar  to those observed  when  tolerant  A  strain  mice were united  to hybrid 
partners  (Fig. 1). The mean hematocrit difference on day 16 in this group was 
significantly less (p  <  0.01) than that seen when only the parental strain part- HILGARD, CORNELIUS, DALMASSO, MARTINEZ, AND  GOOD  575 
ners  had been  thymectomized. It was  somewhat difficult  to  evaluate these 
pairs for clinical intoxication, since the wasting disease associated with thymec- 
tomy at birth (20) was commonly seen in both partners, and the clinical picture 
of intoxication is very similar to that of wasting due to thymectomy. It was 
apparent, however, that when both partners were thymectomized the hybrid 
mice clinically fared as well  as their parental strain partners, and this was taken 
as evidence that intoxication  had not appeared in the hybrids. One of the twelve 
pairs survived  to 1 month, this pair finally succumbing on day 41. 
DISCUSSION 
The appearance of a hematocrit difference in some syngeneic pairs on the 5th 
day after union suggests that this early difference is not immunological in origin. 
It is significant that no syngeneic pairs, not even those showing an early shift, 
had hematocrit differences of greater than 5 on days 12 or 16 after union. We 
feel that these early hematocrit differences in some syngeneic pairs, as well as 
the consistent finding of parental strain polycythemia and hybrid anemia on 
day 5 in all parent-hybrid groups,  may well be the expression of a  vascular 
pressure  gradient at the level of the junction between  the partners which is 
functioning in the early period after parabiotic union. Other evidence that the 
early hematocrit difference is not the result of an immune mechanism is the 
finding of Eichwald  et al.  (22) that in certain parent-hybrid combinations  the 
hybrid partner is polycythemic and the parental strain partner anemic in the 
early phase before these trends become reversed. It is also interesting that in 
the absence of an immune attack by the parental strain mouse against its hybrid 
partner, the early anemia-polycythemia which is seen on day 5 subsequently 
disappears,  demonstrating  that  parabiotic  circulatory  systems  which  are 
originally out of balance are capable of attaining a mutually satisfactory rela- 
tionship. 
The results of the experiment in which the parental strain mice were preim- 
munized against the hybrid support the contention that anemia is the principal 
cause of clinical intoxication and death of the hybrid partners. We feel that the 
intensification  of hybrid anemia which was seen in this group on day 5 is re- 
sponsible for the early hybrid intoxication,  and that the increased hematocrit 
difference between the partners represents the immunological phase of anemia- 
polycythemia superimposed  upon  the  early anemia-polycythemia which  is 
seen  in all  parent-hybrid groups.  Since vascularization  does  not  take place 
immediately  after union, the finding of hybrid intoxication developing between 
the 4th and the 6th days after union in this group is extremely unlikely to be 
the result of immunologically competent A cells passing into the hybrid in a 
manner analogous to the production of wasting disease in hybrid mice by the 
injection of parental strain lymphoid cells. Hall and Hall (8) have also shown 
that the experimental  production of anemia-polycythemia in parabiotlc rats 576  PARABIOSIS  INTOXICATION 
results in the early death of the anemic partner. Another line of evidence sug- 
gesting that intoxication is not etiologically  related to homologous  disease  is 
the finding of Eichwald eta/. (23) that intoxicated hybrid partners will recover 
if they are separated from their parental strain partners. All attempts to reverse 
runt disease or homologous disease have so far been unsuccessful  when reversal 
was attempted more than 24 hours after the initiation of the process (24, 25). 
We have also shown that if a state of immunological  tolerance is produced in 
parental strain mice prior to union with F1 hybrid partners, then the late phase 
of anemia-polycythemia and intoxication of the hybrid partners do not occur. 
These experiments make it apparent that the late phase of anemia-polycythemia 
can be used as an index  of the immunological  activity of the parental strain 
mouse against its hybrid partner.  Although the mechanism of immunological 
anemia-polycythemia remains unknown, it has been postulated that immuno- 
logically competent cells of the parental strain partner react against the tissue 
antigens of the hybrid at the level of the junction between the partners, leading 
to constriction and occlusion  of the vascular channels  which  transport blood 
from the parental strain partner  to the hybrid (26). If the vascular channels 
which carry blood in the opposite direction remain open, this mechanism would 
explain  the observed shift of red cell mass from the hybrid to  the parental 
strain partner during the later phase of anemia-polycythemia. 
The results of the experiments employing neonatal thymectomy are of con- 
siderable interest since they demonstrate that normal F1 hybrid mice are capable 
of restoring the immunological  capacity of their thymectomized parental strain 
partners.  Evidence of restoration  is  the continued presence of anemia-poly- 
cythemia  through  the  16th  parabiosis  day.  Thymectomized hybrids  do not 
have this restorative capacity. We interpret these findings to indicate that the 
thymus of the hybrid partner is a  critical  factor in the restoration of the im- 
munological  capacity of the parental  strain  partner.  This  situation  may be 
analogous to the restoration of host immunological  capacity in thymectomized 
mice grafted with allogeneic thymus (27, 28). The recent finding  that thymus 
grafts  contained  within  diffusion  chambers are capable of restoring  thymec- 
tomized mice (29, 30) suggests  that  the  mechanism of parabiotic  restoration 
may depend upon the release  of a  humoral substance from the intact hybrid 
thymus. 
Surgical  parabiosis has provided an excellent  method for the study of the 
induction of immunological  tolerance in adult animals.  It has been shown pre- 
viously that in certain strains of mice tolerance can be induced even across the 
H-2 locus by 30 days of parabiotic union  (31). The induction of tolerance by 
parabiosis is probably the result of an exchange  of homotransplantation  anti- 
gens  during parabiotic union,  since large doses of injected viable (32, 33)  or 
even disrupted (34) ceils can also induce tolerance in adult mice. The present HILGARD, CORNELIUS, DALMASSO, MARTINEZ, AND  GOOD  577 
studies  have  been interesting  in  that  even  when  the  intoxication  syndrome 
terminates  the parabiotic process, these "incompatible" animals  have healed 
together with relative ease.  This absence of rejection at the anastomotic site 
suggests  that  if intoxication  could be  eliminated,  a  state  of immunological 
tolerance might  be induced in even these more difficult  strain  combinations. 
The experimental evidence that anemia, and not a  classical  graft versus  host 
reaction, is primarily responsible  for the intoxication and death of the hybrid 
partners provides hope that if the parabiotic partners could be kept in hema- 
tological balance, one could achieve a state of permanent tolerance. 
SUMMARY 
When A  strain  mice are  placed  in  parabiotic  union with (A X  C57BI/I)F, 
hybrid  partners,  the  parental  strain  partners  are  polycythernic  and the  hybrids 
anemic from the 5th through the 16th parabiosis  days. All hybrids develop 
clinical  intoxication  between the  7th  and the  i2th  days,  andno pairs  survive  to 
I  month. 
Long-term survival of parabiotic pairs can be achieved if lethally irradiated 
or  specifically  tolerant  parental  strain  mice  are  united  to  hybrid  partners. 
Production  of tolerance by either of these methods results in elimination  of 
anemia-polycythemia  by the  12th  parabiosis  day and  prevents  intoxication 
in the hybrid partners. 
Preimmunization  of the parental strain partners against the C57B1/1 com- 
ponent of the hybrid leads to a  considerable intensification  of day 5 anemia- 
polycythemia. Intoxication develops in the hybrid partners  between the 4th 
and the 6th days after union.  It is concluded that anemia is primarily responsi- 
ble for the syndrome of clinical intoxication. 
Early anemia-polycythemia on day 5 does not depend upon an immunological 
mechanism, but the late anemia-polycythemia appearing between days 12 and 
16 is a  function of the ability of the parental  strain mouse to react immuno- 
logically against its hybrid partner. 
When neonatally thymectomized A strain mice are joined to hybrid partners, 
anemia-polycythemia is sustained through the 16th day and the hybrid partners 
develop  clinical  intoxication.  On  the  other  hand,  when  both  partners  are 
neonatally thymectomized, late anemia-polycythemia is considerably reduced, 
and the hybrid partners apparently do not develop clinical intoxication.  It is 
concluded that normal hybrid mice are capable of reconstituting the immuno- 
logical  capacity  of  their  thymectomized  partners,  whereas  thymectomized 
hybrid mice do not have this restorative capacity. 
These  findings  are  discussed  in  terms  of their  possible application  to  the 
problem of the induction of immunological  tolerance in adult mice by the para- 
biosis procedure. 578  PARABIOSIS INTOXICATION 
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